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[57] ABSTRACT 
Optical absorption data for a semiconductor sample is 
derived by providing a p-type layer (4) of the semicon 
ductor sample between two larger band gap p-type 
cladding layers (3,5) on an n-type substrate (1). A p-type 
buffer layer (2) may be present on the substrate (1). 
Optical radiation is directed towards the p-n junction 
(6) between the substrate (1) and the buffer layer (2) 
through a transparent electrode (8) on the outer clad 
ding layer (5). A further electrode (7) contacts the sub 
strate (1) whereby an electric signal can be derived 
which is related to the voltage generated by the photo 
voltaic effect at the p-n junction. This signal is indica 
tive of the absorption in the semiconductor sample (4) 
of the incident radiation in the wavelength range above 
the absorption edges of both cladding layers and below 
the wavelength limit at which the p-n junction is sensi 
tive. 

26 Claims, 4 Drawing Figures 
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OPTICAL ABSORPTION SPECTROSCOPY FOR 
SEMICONDUCTORS 

This invention relates to a method of spectroscopi 
cally analysing optical absorption in a semiconductor 
sample and further relates to apparatus for use in such a 
method. 

Spectroscopic analysis can be used in the evaluation 
of semiconductor materials for deriving optical absorp 
tion data from which various characterising features, 
for example the relative position of energy levels, can 
be determined. 
A method of spectroscopically analysing optical ab 

sorption in a semiconductor sample is described by D. 
D. Sell and H. C. Casey Jr. in Journal of Applied Phys 
ics, Vol. 45, No. 2, Feb. 1974, pages 800-807. The 
method described therein includes the steps of provid 
ing a layer of the semiconductor sample between two 
larger band gap semiconductor cladding layers on a 
substrate. A hole is etched through the substrate and 
optical radiation is directed via the hole toward the 
semiconductor sample through the inner cladding layer 
adjacent the substrate. Radiation which is not absorbed 
by the semiconductor sample passes through the outer 
cladding layer and is incident on an external photode 
tector which thus provides a signal indicative of the 
absorption in the semiconductor sample. 

It is noted that radiation transmitted by the sample 
layer is actually incident on the photodetector. How 
ever, transmission and absorption are complementary 
parameters with one increasing as the other decreases 
and with the precise relationship between them depend 
ing also on interface re?ections. Thus while the photo 
detector only directly senses the transmitted radiation, 
the signal derived therefrom is also indicative of the 
radiation absorbed by the semiconductor sample. 
A drawback with the method described in the above 

journal reference is the requirement to form a hole in 
the substrate, which is a dif?cult step and can be very 
time consuming. For example, with a substrate which is 
200 pm thick, it could take as long as half a clay to 
provide a hole through the full thickness of the sub 
strate using conventional polishing and chemical etch 
ing techniques. 
According to a ?rst aspect of the present invention 

there is provided a method of spectroscopically analy 
sing optical absorption in a semiconductor sample in 
cluding the steps of providing a layer of the semicon 
ductor sample between two semiconductor cladding 
layers on a substrate, which cladding layers have a 
larger band gap than the semiconductor sample, and 
directing optical radiation toward the semiconductor 
sample through one of the cladding layers, character 
ised in that the semiconductor sample and the cladding 
layers are of one conductivity type and in that the sub 
strate comprises a semiconductor material of the oppo 
site conductivity type with a p-n junction being present 
between the substrate and the adjacent cladding layer, 
which p-n junction is sensitive to optical radiation at a 
wavelength above the absorption edges of both clad 
ding layers, the method further including the steps of 
providing ?rst electrode means on the substrate, provid 
ing on the outer cladding layer second electrode means 
transparent to the optical radiation, directing the optical 
radiation towards the semiconductor sample through 
the transparent second electrode means, and deriving 
from the ?rst and second electrode means a signal re 

20 

25 

45 

50 

55 

60 

65 

2 
lated to the voltage generated across the p-n junction as 
a result of the photovoltaic effect with the signal being 
indicative of the absorption in the semiconductor sam 
ple ofincident optical radiation in the wavelength range 
above the absorption edges of the cladding layers and 
below the wavelength limit at which the p-n junction is 
sensitive, wherein the outer cladding layer is suffi 
ciently thick to prevent the depeletion layer associated 
with the junction between outer cladding layer and the 
second electrode means extending into the semiconduc 
tor sample layer, and the inner cladding layer adjacent 
the substrate is sufficiently thick to substantially con?ne 
charge carriers generated by absorption of the optical 
radiation in the semiconductor sample. 

It is noted here that the term "absorption edge" as 
used herein refers to the wavelength value at which the 
absorption shows a sudden decrease in value. 

Moreover, because of the complementary relation 
ship between transmission and absorption discussed 
previously in the context of the prior art, it is also noted 
that the signal derived from the electrode means is in 
dicative of the radiation absorbed by the semiconductor 
sample although it is the transmitted radiation which is 
actually sensed by the p-n junction. 
A method of spectroscopically analysing optical ab 

sorption in a semiconductor sample in accordance with 
the invention has the advantage that, as compared with 
the known method mentioned previously, it dispenses 
with the dif?cult step of etching a hole in the substrate 
and in practice this can represent a signi?cant time 
saving. 

In order to optimise the quality of the cladding layers 
and the semiconductor sample which may be provided 
on the substrate by known semiconductor growth tech 
niques, such as, for example, molecular beam epitaxy 
(MBE), it may be preferable to include a buffer layer 
between the substrate and the inner cladding layer. 
The buffer layer may be of the same conductivity 

type as the semiconductor sample and the cladding 
layers, in which case the p-n junction is formed at the 
interface of the buffer layer and the substrate. Alterna 
tively, the buffer layer may be of the same conductivity 
type as the substrate, in which case the p-n junction is 
formed at the interface of the buffer layer and the inner 
cladding layer. In both cases the buffer layer should 
have a narrower band gap than the semiconductor sam 
ple. 
The method may be used for deriving the optical 

absorption data for a semiconductor sample in the form 
of a conventional semiconductor layer. However, it is 
equally suitable for deriving optical absorption data for 
a so-called superlattice structure where the sample com 
prises a periodic arrangement of very thin sub-layers of 
one semiconductor material interleaved with sub-layers 
of a different semiconductor material. In a superlattice 
structure the component layers are so thin that quanti 
zation occurs and new discrete energy levels (quantum 
levels) are created therein. In this case it is to be noted 
that the cladding layers are regarded as having a larger 
band gap than the superlattice sample when the band 
gap of the cladding layers is greater than the energy 
separation of the new quantum levels in the superlattice 
sample. 
According to a further aspect of the invention there is 

provided apparatus for performing a method of spectro 
scopically analysing optical absorption in a semiconduc 
tor sample in accordance with the first aspect of the 
invention, wherein the semiconductor sample is pro 
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vided as a layer of one conductivity type between two 
larger band gap semiconductor cladding layers of the 
same conductivity type on an opposite conductivity 
type semiconductor substrate, a pm junction being pres 
ent between the substrate and the adjacent cladding 
layer, characterised in that the apparatus comprises ?rst 
electrode means for contacting the substrate, second 
electrode means transparent to optical radiation for 
contacting the outer cladding layer, a monochromatic 
optical radiation source for directing optical radiation 
towards the semiconductor sample through the trans 
parent electrode means, and means for deriving from 
the first and second electrode means a signal related to 
the voltage generated across the p-n junction as a result 
of the photovoltaic effect with the signal being indica 
tive of the absorption in the semiconductor sample of 
the incident optical radiation. 

This apparatus has the advantage that it does not 
itself include a separate photodetector because the de 
tector is, in effect, the p-n junction between the semi 
conductor substrate and the adjacent cladding layer. 

In order to be able to characterise the semiconductor 
sample fully it is preferable for the radiation source to 
have means 'for varying in a substantially continuous 
manner the wavelength of the optical radiation emitted. 
The apparatus may also comprise means such as a graph 
plotter for recording the signal derived from the elec 
trode means as a function of the wavelength of the 
incident optical radiation. 
The apparatus may also include means for varying 

i-i‘the intensity of optical radiation incident on the sample, 
ameans for measuring the intensity and means for record 
ing a signal related to intensity. 

The apparatus may further include means for varying 
the intensity of optical radiation incident on the sample 
in response to the signal related to the voltage generated 

~~hacross the p-n junction as a result of the photovoltaic 
'r'effect. 
1?“ The means for varying the intensity of optical radia 
i'tion may be a variable attenuator, preferably a variable 
~~neutral density ?lter. 
" An embodiment of the invention will now be de 
scribed by way of example with reference to the accom 
panying drawing in which: 
FIG. 1 is a partial cross-section and a partial sche~ 

matic view of apparatus for deriving optical absorption 
data for a semiconductor sample using a method in 
accordance with the invention, 
FIG. 2 is a graph showing the optical absorption 

characteristic of a semiconductor sample obtained using 
this method, 
FIG. 3 is an energy band diagram for the various 

semiconductor layers used in the method, and 
FIG. 4 is a partial cross section and a partial sche 

matic view of a second apparatus for deriving optical 
absorption data for a semiconductor sample using a 
method in accordance with the invention. 

It is noted that, for the sake of clarity and simplicity, 
the Figures are largely schematic and not to scale. 
The following embodiment is concerned with deriv 

ing optical absorption data for a p-type semiconductor 
sample. As shown in FIG. 1, a layer 4 of the semicon 
ductor sample is provided between two p-type semicon 
ductor cladding layers 3,5 on an n-type semiconductor 
substrate 1. A p-type semiconductor buffer layer is also 
provided intermediate the substrate 1 and the adjacent 
cladding layer 3 forming a p-n junction 6 at the interface 
between the substrate 1 and the buffer layer 2. The 

20 

25 

40 

45 

65 

4 
provision of these various semiconductor layers is de 
scribed in more detail below. 
The starting material is an n-type gallium arsenide 

(GaAs) substrate 1 which is doped with an impurity 
concentration of l0lgcmr3. The substrate 1 may, for 
example, by 10 mm square and have a thickness of ap 
proximately 300 um. A 0.2 pm thick buffer layer 2 of 
p-type GaAs is grown on the substrate 1 using molecu 
lar beam epitaxy (MBE). The buffer layer 2 is not inten 
tionally doped but has an effective impurity concentra 
tion of 2>< l0'?cmr3. The p-n junction 6 is thus formed 
at the interface between the substrate 1 and the buffer 
layer 2. 

Next a 0.5 pm thick cladding layer 3 of p-type A10. 
5Ga0.5As is grown by MBE on the buffer layer 2. Clad 
ding layer 3 is not intentionally doped but has an effec 
tive impurity concentration of approximately 
2>< lO1°cm—3. The semiconductor sample of interest is 
then provided as a p-type layer 4 on the cladding layer 
3 and a further 0.5 pm thick cladding layer 5 of p-type 
Al0.5Ga0.5As is grown by MBE on layer 4. Again, the 
layers 4 and 5 are not intentionally doped but have an 
effective impurity concentration of approximately 
2>< lO16cm-3. In the present embodiment the semicon 
ductor sample is a so-called ‘superlattice’ structure com 
prising a periodic arrangement of alternate Al0.5Ga0. 
5As and GaAs sub-layers grown by MBE. MBE is 
known to produce atomically smooth layers and to 
allow very precise control over layer thicknesses. The 
overall thickness of the sample layer 4 is 3 pm compris 
ing 100 periods. The Al0.5GaQ.5As layers are approxi 
mately 200 angstroms thick and the GaAs layers are 
approximately 100 angstroms thick. The component 
layers of this superlattice structure are so thin, that 
quantization occurs and new discrete energy levels are 
created in the GaAs layers as described in more detail 
below with reference to FIG. 3. Incident photons can 
be absorbed by the sample layer 4 when the photon 
energy is greater than or equal to the energy associated 
with the absorption edge of the sample layer 4. Thus, by 
deriving optical absorption data for the superlattice 
layer 4 the energy of the absorbed photons can be estab 
lished and hence it is possible to determine where the 
new energy levels occur. 
Having grown the semiconductor layer con?guration 

described above the method can proceed as follows. 
Electrical contact is made to the substrate 1 by a 

metal probe 7 and to the outer cladding layer 5 by an 
electrolyte 8. The electrolyte, which may be sodium 
hydroxide for example, is contained in a cylindrical 
vessel 9 approximately 1 mm in diameter and centrally 
disposed on the cladding layer 5. The electrolyte 8 and 
the probe 7 are connected to a graph plotter 11 for 
recording the electric signal generated in the external 
circuitry. Although not shown in the drawing the appa 
ratus suitably would further include means, such as a 
chopper, for modulating the incident radiation, and a 
synchronous detection facility to improve the signal to 
noise ratio. 
Monochromatic optical radiation (represented by the 

arrow in FIG. 1) from a monochromator 10 is directed 
towards the semiconductor sample through the trans 
parent electrolyte 8. The absorption edge of Al0.5GaQ. 
5As occurs at approximately 600 nm. Thus for optical 
radiation having a wavelength greater than 600 nm‘the 

- outer cladding layers 3 and 5 are transparent. Thus, 
unless the radiation is absorbed by the sample layer 4 it 
is transmitted to the GaAs buffer layer 2 adjacent the 
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p—n junction 6. The absorption edge of GaAs occurs at 
approximately 880 nm so that shorter wavelength radia 
tion reaching the buffer layer 2 produces electron-hole 
pairs in the depletion region around the p-n jucntion 6. 
A forward voltage is thus developed across the p-n 
junction 6 as a result of the photovoltaic effect. Conse 
quently an electric signal is generated in the external 
circuit. Because of the complementary relationship be 
tween absorption and transmission, the electric signal 
thus derived is indicative of absorption in the semicon 
ductor sample layer 4, although it is transmitted radia 
tion which is actually sensed by the p-n junction 6. The 
electric signal is recorded on a graph plotter 11 as a 
function of the wavelength of the incident optical radia 
tion. FIG. 2 shows the graph thus obtained or the super 
lattice sample described above. Optical absorption in 
formation is available in the wavelength range 600 to 
880 nm as discussed previously. The troughs in the 
curve represent a high degree of absorption, i.e. a low 
level of transmission, in layer 4. With the superlattice 
structure described major absorption features have been 
found occuring at approximately 850 nm and 800 nm 
attributable to the quantum levels n= 1 and n :2 respec 
tively. This suggests that the energy separation of the 
n=l quantum levels of the superlattice layer 4 is 1.46 
eV and 1.55 eV for the n=2 quantum levels. This 
should be compared with the conventional band gap 
values of 1.42 eV for bulk GaAs and 2 eV for bulk 

AlQ.5GaQ.5AS. 
FIG. 3 shows the energy band diagram for the semi 

conductor layer con?guration described above. It is 
noted that the outer cladding layer 5 is suf?ciently thick 
that band bending in the vicinity of the junction with 
the electrolyte 8 is con?ned to layer 5. In other words 
the depletion layer associated with that junction is pre 
vented from exetnding through layer 5 to the sample 
layer 4. The sample layer 4 has a potential well associ 
ated with each of the thin GaAs component layers and 
the energy separation of the new quantum levels n=1 
and n=2 is represented by the arrows labelled E(n: l) 
and E(n=2) respectively. The band gap of both the 
outer cladding layer 5 and the inner cladding layer 3 is 
greater than the energy separation of the new quantum 
levels in the sample layer 4. The inner clading layer 3 is 
suf?ciently thick to con?ne charge carriers generated 
by absorption of the optical radiation in the potential 
well, that is to say in the semiconductor sample layer 4. 
Thus these photogenerated charge carriers cannot con 
tribute to the voltage developed across the p-n junction 
6. 
The characteristic relationship between the open 

circuit potential difference generated across the p-n 
junction as a result of the photovoltaic effect and the 
intensity of the optical radiation generating that poten 
tial difference may not be linear. Also, the source of 
optical radiation from which the monochromatic illumi 
nation is derived by monochromator 10 of FIG. 1 can 
not supply illumination at a constant intensity over the 
range of wavelengths required to fully characterise the 
sample. If no steps are taken to compensate for this, the 
signal related to the voltage generated across the p-n 
junction as a result of the photovoltaic effect will be a 
convolution of the desired information relating to the 
optical absorption of the sample, the varying intensity 
of illumination of the sample with wavelength and the 
non-linearity of the voltage vs intensity characteristic. 
The apparatus shown in part cross-section and a part 

schematic view in FIG. 4 includes means for varying 

5 

25 

40 

45 

50 

60 

6 
the intensity of the optical radiation incident on the 
sample. 

In FIG. 4, monochromatic radiation from monochro 
mator 10 is directed through a variable neutral density 
?lter 41 and beam splitter 42 before entering the semi 
conductor sample 4 via the transparent electrolyte 8. 
The beam splitter directs a ?xed fraction of the optical 
radiation transmitted by the neutral density ?lter to a 
photo-detector 43 which gives an output signal D pro 
portional to the intensity of optical radiation 11 incident 
upon it, from which the intensity I, of optical radiation 
incident upon the semiconductor sample may be calcu 
lated. The potential difference between the electrolyte 8 
and the probe 7 is measured by potentiometer 44. To 
ensure that the p-n junction 6 with the semiconductor 
sample is at the same point on the voltage vs intensity 
characteristic at each wavelength at which a measure 
ment is to be made, the neutral density ?lter is adjusted 
until the voltage attains a constant value which is the 
same for each wavelength. Then the intensity of the 
incident optical radiation is measured to give a value 
indicative of the optical absorption of the sample. 

It will be evident in view of the exposition of the 
invention so far that various modi?cations may be made 
within the scope of the invention. For example the 
method can equally well be used for deriving optical 
absorption data for a conventional semiconductor layer 
rather than a superlattice structure. Also it may in some 
circumstances be permissible to dispense with the buffer 
layer which is provided primarily to improve the qual 
ity of the layers grown epitaxially thereon. In that case 
the p-n junction is formed at the interface between the 
substrate and the inner cladding layer. Alternatively, 
the buffer layer may be of the same conductivity type as 
the substrate in which case the p-n junction is formed at 
the interface of the inner cladding layer and the buffer 
layer. As another modi?cation it is possible for the 
cladding layers to comprise different semiconductor 
materials with different band gaps. It is then possible to 
observe absorption features in the wavelength range 
above the absorption edges of both cladding layers and 
below the wavelength limit at which the p-n junction is 
sensitive. Finally, it is noted that the conductivity type 
of all the semiconductor materials may be of the oppo 
site conductivity type. Thus it is possible to measure the 
optical absorption of an n-type semiconductor sample 
layer between two n-type cladding layers on a p-type 
substrate. 
For a further example, the apparatus for performing 

the method may comprise a two-beam apparatus, the 
?rst beam being directed to a p-n junction behind semi 
conductor sample the second to a reference p-n junction 
produced by etching a semiconductor sample to reveal 
the inner cladding layer. Each beam is also directed 
through a variable neutral density ?lter and a beam 
splitter to direct a ?xed part of the optical radiation to 
a photodetector similar to the single beam shown in 
FIG. 4. Operation of this apparatus in such a way as to 
equalise the open circuit potential differences of the p-n 
junctions by varying the variable neutral density ?lter 
in each beam allows the absorption coef?cient at each 
wavelength to be calculated from the photodetector 
output signals. 
Both the single and two beam apparatuses may con 

veniently be modi?ed for automatic measurement under 
computer control by using a stepping motor and posi 
tion feedback control for the monochromator and vari 
able neutral density ?lters with the latter being con 
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trolled as part of a servo loop which is driven by the 
requirement to equalise the open circuit potential differ 
ence of the p-n junction behind the sample to a ?xed 
value and in the two beam apparatus to make the open 
circuit potential difference of the p-n reference also 
equal the ?xed value. The p-n junction potentials and 
the photodetector signals may be recovered by phase 
sensitive detection techniques, then analogue to digi 
tally converted for analysis by the computer controlling 
the apparatus. 

I claim: 
1. A method for spectroscopically analyzing optical 

absorption in a semiconductor sample comprising the 
steps of ‘ 

forming a ?rst cladding layer, a semiconductor sam 
ple layer, and a second outer cladding layer on a 
substrate, said ?rst and second cladding layers 
having a larger band gap than said sample layer, 
wherein said sample layer and said ?rst and second 
cladding layers are all of one conductivity type, 
and said substrate is of an opposite conductivity 
type, and wherein a p-n junction between said 
substrate and said ?rst cladding layer is sensitive to 
optical radiation at a wavelength above absorption 
edges of said ?rst and second cladding layers, 

forming a ?rst electrode structure on said substrate, 
forming a second electrode structure on said second 

cladding layer, said second electrode structure 
being transparent to said optical radiation, 

directing said optical radiation toward said sample 
layer through said second cladding layer, and 

deriving a signal from said ?rst and second electrode 
structures, said signal being related to a voltage 
generated across said p-n junction by a photovol 
taic effect, and said signal being indicative of opti 
cal absorption in said sample layer of incident opti 
cal radiation in a wavelength range above said 
absorption edges of said ?rst and second cladding 
layers and below a wavelength limit where said p-n 
junction is sensitive, 

wherein said second outer cladding layer has a suf? 
cient thickness to prevent a depletion layer from 
extending into said semiconductor sample layer, 
said depletion layer being associated with a junc 
tion of said second cladding layer and said second 
electrode structure, and wherein said ?rst cladding 
layer is suf?ciently thick to substantially con?ne 
charge carriers generated by absorption of said 
optical radiation in said semiconductor sample 
layer. 

2. A method according to claim 1, wherein a semi 
conductor buffer layer is formed between said ?rst 
cladding layer and said substrate. 

3. A method according to claim 2, wherein said buffer 
layer is of the same conductivity type as said semicon 
ductor sample layer and said ?rst and second cladding 
layers, said p-n junction being located between said 
buffer layer and said substrate. 

4. A method according to claim 1, claim 2, or claim 3 
wherein said ?rst and second cladding layers are the 
same semiconductor material. 

5. A method according to claim 1, claim 2, or claim 3, 
wherein said second electrode structure includes an 
electrolyte. 

6. A method according to claim 1, claim 2, or claim 3, 
wherein said semiconductor sample layer includes a 
plurality of sub-layers of different semiconductor mate 
rial. 
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8 
7. A method according to claim 1, claim 2, or claim 3, 

further comprising the steps of varying wavelength of 
said optical radiation, and recording said signal as a 
function of said wavelength. 

8. A method according to claim 1, claim 2, or claim 3, 
further comprising the steps of varying intensity of said 
optical radiation incident on said semiconductor sample 
layer, measuring said intensity, and recording a signal 
related to said intensity. 

9. A method according to claim 8, wherein said step 
of varying intensity is carried out by a variable attentua 
tor. 

10. A method according to claim 1, claim 2, or claim 
3 further comprising the step of varying intensity of said 
optical radiation incident on said semiconductor sample 
layer in response to said signal related to said voltage 
generated across said p-n junction by said photovoltaic 
effect. 

11. A method according to claim 10, wherein said 
step of varying intensity is carried out by a variable 
attenuator. 

12. A method according to claim 1, claim 2, or claim 
3, further comprising the step of continuously varying 
wavelengths of emitted optical radiation. 

13. An apparatus for spectroscopically analyzing 
optical absorption in a semiconductor sample compris 
mg 

a substrate, a ?rst cladding layer on said substrate, a 
semiconductor sample layer on said ?rst cladding 
layer, and a second cladding layer on said sample 
layer, said ?rst and second cladding layers having a 
larger band gap than said sample layer, wherein 
said sample layer and said ?rst and second cladding 
layers are all of one conductivity type, and said 
substrate is of an opposite conductivity type, and 
wherein a p-n junction between said substrate and 
said ?rst cladding layer is sensitive to optical radia 
tion of a wavelength above absorption edges of 
said ?rst and second cladding layers, 

?rst electrode means for contacting said substrate, 
second electrode means transparent to optical radia 

tion for contacting said second cladding layer, 
radiation means for directing monochromatic optical 

radiation to said sample layer through said trans 
parent second electrode means, and 

?rst means for deriving a signal from said ?rst and 
second electrode means, said signal being related to 
a voltage generated across said p-n junction by a 
photovoltaic effect, and said signal indicating ab 
sorption in said semiconductor sample layer of said 
optical radiation. 

14. An apparatus according to claim 13 wherein said 
second cladding layer has a suf?cient thickness to pre 
vent a depletion layer, associated with a junction of said 
second cladding layer and said second electrode means, 
from extending into said semiconductor sample layer, 
and wherein said ?rst cladding layer is of suf?cient 
thickness to substantially con?ne charge carriers in said 
semiconductor sample layer. 

15. An apparatus according to claim 13, wherein a 
semiconductor buffer layer is formed between said ?rst 
cladding layer and said substrate. 

16. An apparatus according to claim 15, wherein said 
buffer layer is of said one conductivity type, said p-n 
junction being disposed between said buffer layer and 
said substrate. 
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17. An apparatus according to claim 13, claim 14, 
claim 15, or claim 16, wherein said ?rst and second 
cladding layers are the same semiconductor material. 

18. An apparatus according to claim 13, claim 14, 
claim 15, or claim 16, wherein said second electrode 
means includes an electrolytic cell. 

19. An apparatus according to claim 13, claim 14, 
claim 15, or claim 16, wherein said semiconductor sam 
ple layer includes a plurality of sublayers of different 
semiconductor materials. 

20. An apparatus according to claim 13, claim 14, 
claim 15, or claim 16, wherein second means are in 
cluded for varying intensity of said optical radiation 
incident on said semiconductor sample layer in response 
to said signal related to a voltage across said p-n junc 
tion. 

21. An apparatus according to claim 20, wherein said 
second means includes a variable attenuator. 
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22. An apparatus according to claim 21, wherein 

third means are included for recording said signal as a 
function of wavelength of said optical radiation. 

23. An apparatus according to claim 20, wherein 
fourth means are included for measuring said intensity 
incident on said sample layer, and ?fth means are in 
cluded for providing a second signal related to said 
intensity. 

24. An apparatus according to claim 13, claim 14, 
claim 15, or claim 16, wherein second means are in 
cluded for continuously vaying wavelengths of emitted 
optical radiation. 

25. An apparatus according to claim 24, wherein 
recording means are provided for recording said signal 
from said ?rst means as a function of wavelengths of 
said optical radiation directed by said radiation means. 

26. An apparatus according to claim 25, wherein said 
recording means includes a graph plotter. 

1* 1k ‘I 1k ‘K 


